INTRODUCTION
============

Coronary-subclavian steal (CSS) can occur after coronary artery bypass grafting (CABG) using the internal thoracic artery (ITA). Subclavian artery (SA) stenosis proximal to the ITA graft may cause CSS.[@B2][@B4][@B6] Endovascular treatment for SA stenosis has been reported with high technical and clinical success rates and with low complication rates.[@B8] Although the use of cerebral protection devices in endovascular stenting for extracranial internal carotid artery (ICA) stenosis is established, the use of cerebral protection devices in an endovascular stenting for SA stenosis is less well established.[@B7][@B8][@B15] We performed endovascular stenting for SA stenosis under filter-protection of the ICA and balloon-protection at the right SA proximal to the VA and ITA origin during SA stenting for right SA stenosis with CSS. We describe a technique for simultaneous cardiac and cerebral protection during endovascular stenting for right SA origin stenosis in a patient with CSS after CABG.

CASE REPORT
===========

A 64-year-old man who had undergone CABG using the bilateral ITAs and the right gastroepiploic artery presented with exertional right arm claudication. In comparison of the arms, he had a difference in systolic blood pressure of approximately 30 mmHg (right, 96/64 mmHg; left, 125/69 mmHg). He had no neurological deficits or cardiac symptoms. Computed tomography (CT) angiography showed severe stenosis with calcification in the right SA origin and poor visualization of the right ITA ([Fig. 1A](#F1){ref-type="fig"}). Left vertebral angiography showed retrograde blood flow in the right VA ([Fig. 1B](#F1){ref-type="fig"}). Angiography showed 90% stenosis in the right SA origin and no antegrade blood flow in the vertebral artery (VA) or right ITA graft secondary to severe stenosis of the right SA origin ([Fig. 2A](#F2){ref-type="fig"}). Right subclavian angiography showed to-and fro blood flow in the right ITA. The patient preferred endovascular treatment rather than surgery; therefore, we planned to perform endovascular stenting for SA stenosis. The patient was already receiving clopidogrel (75 mg daily) and aspirin (100 mg daily) orally due to a past history of percutaneous coronary intervention with drug-eluting stents and bare metal stents.

The endovascular procedure was performed under local anesthesia. An activated clotting time of more than 300 seconds was maintained by intravenous administration of heparin. A 4-Fr 90 cm sheath (FUBUKI sheath: Asahi Intecc, Aichi, Japan) was navigated into the right common carotid artery through the left femoral artery (FA) approach. For protection of the right ICA, a filter-wire (FilterWire EZ: Boston Scientific, Natick, MA, USA) was deployed into the right ICA through the 4-Fr femoral sheath ([Fig. 2B](#F2){ref-type="fig"}). A 5-Fr 11 cm sheath was inserted into the right brachial artery (BA). To perform protection of the right VA and ITA, a 5.2-Fr occlusion balloon catheter (Selecon MP Catheter II: Terumo Clinical Supply, Gifu, Japan) was navigated into the SA proximal to the origin of the right VA and ITA through the right brachial sheath. A 6-Fr 90 cm sheath (FUBUKI sheath: Asahi Intecc, Aichi, Japan) was positioned at the innominate artery (IA) through the right FA approach, and a 0.035-inch stiff type 300-cm guidewire was navigated into the BA. A 5.2-Fr occlusion balloon catheter at the SA proximal to the origin of the right VA and ITA was inflated ([Fig. 2B](#F2){ref-type="fig"}). Under filter-protection of the ICA and balloon-protection of the VA and ITA for simultaneous cardiac and cerebral protection, predilation was performed using a 6 × 20 mm PTA balloon. Next, a 7 × 27 mm balloon-expandable stent (Express Vascular LD: Boston Scientific) was deployed to the SA stenosis ([Fig. 2C](#F2){ref-type="fig"}). After stent deployment, 30 mL of blood was aspirated through the 5.2-Fr occlusion balloon catheter using a 50 mL syringe. After no debris was confirmed in the aspirated blood, the 5.2-Fr occlusion balloon catheter was deflated. The occlusion catheter and filter-wire were retrieved. Debris was not observed in the filter-wire. Angiography showed excellent dilatation after stenting and antegrade blood flow in the right VA and through the right ITA graft ([Fig. 2D](#F2){ref-type="fig"}). After the procedure, intravenous administration of heparin was terminated, and argatroban was administered for 12 hr. Postoperative diffusion-weighted images showed no hyper-intensity lesions. The patient was discharged with no new neurological deficits or chest symptoms. Follow-up CT angiography at 3 months showed good patency of the SA stent and good visualization of the right ITA graft ([Fig. 3](#F3){ref-type="fig"}).

DISCUSSION
==========

Protection against distal embolic complications is important during endovascular treatment. Although cerebral protection during extracranial ICA stenting is established, cerebral protection during SA stenting has not yet been established. The reported neurological complication rate of SA angioplasty ranges from 0.4 to 4.7%.[@B7] Ringelstein and Zeumer[@B9] used continuous ultrasound monitoring to observe VA blood flow of the SA stenosis or occlusion with subclavian steal syndrome before, during, and after PTA. The flow direction within the VA did not immediately change to antegrade but rather did so gradually within 20 s to several minutes. Therefore, they concluded that this delay of flow-reversal served as a protective mechanism against cerebral embolism during PTA only. If PTA or direct stenting for SA stenosis with subclavian steal was performed, embolic protection may not be necessary. However, SA stenting after predilation required distal embolic protection because VA blood flow changed to the antegrade direction after predilation.

CSS, which was first described in 1974, can be caused by retrograde or insufficient blood flow through an ITA graft. Proximal stenosis of the SA was the most frequent cause.[@B2][@B4][@B6] Incidence up to 3.4% after CABG was reported.[@B2][@B5] The treatment for CSS was thoracotomy with aortosubclavian bypass, carotid subclavian bypass graft, and, more recently, angioplasty and stenting.[@B10][@B13] Endovascular treatment in CSS due to SA stenosis after CABG has already been reported, and endovascular therapy with PTA and stenting appeared to be an effective treatment for CSS due to SA stenosis.[@B2][@B6][@B10][@B13][@B14] On the other hand, cardiac and cerebral protection during SA stenting in CSS was not performed.[@B2][@B6][@B10][@B13][@B14] Although native coronary stent angioplasty is performed with no distal embolic protection, the cardiac complication rate during SA angioplasty in CSS is unknown. On the other hand, the cerebral protection methods during stenting for stenosis of the right SA origin or IA proximal to the right SA origin have been reported. The anterior circulation was protected by placing a filter-wire or balloon protection device in the ICA, and the posterior circulation was protected by inflating the balloon of the catheter at the SA or by placing a filter-wire or balloon protection device in the VA.[@B1][@B3][@B11][@B12] Therefore, we think that cardiac and cerebral protection should be performed simultaneously during SA stenting for CSS as well as the right SA origin or IA.

In the current case, we performed protection of the right ICA, VA, and ITA for cerebral and cardiac protection. ICA protection was performed to protect against distal embolization by plaque shift from the SA origin. We used a filter-wire for ICA protection to maintain antegrade flow. Stenting after predilation may result in distal embolization when retrograde flow in right VA and ITA changes into antegrade flow after predilation, therefore, right VA and ITA protection was performed. We used a balloon catheter for VA and ITA protection to induce retrograde flow in VA and ITA and to aspirate blood through the lumen of the balloon catheter.

CONCLUSION
==========

Filter-protection of the ICA and balloon-protection of the VA and ITA provided cardiac and cerebral protection when stenting right SA stenosis in a patient with CSS after CABG.
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![(A) Computed tomography angiography shows severe stenosis with calcification in the right subclavian artery origin (arrow) and poor visualization of the right internal thoracic artery graft (arrowheads). (B) Left vertebral angiography shows retrograde blood flow in the right vertebral artery.](jcen-17-27-g001){#F1}

![(A) Preoperative angiography shows 90% stenosis in the right subclavian artery origin (arrow). (B) The filter-wire (arrow) is deployed into the right internal carotid artery through the 4-Fr femoral sheath. A 5.2-Fr occlusion balloon catheter is navigated into the subclavian artery proximal to the origin of the right vertebral artery and internal thoracic artery through the right brachial sheath, and is then inflated (double arrows). (C) The 7 × 27 mm balloon-expandable stent is deployed to the subclavian artery origin stenosis (asterisk). (D) Postoperative angiogram shows excellent dilatation.](jcen-17-27-g002){#F2}

![(A) Follow-up computed tomography (CT) angiography at 3 months shows stent deployment in the right subclavian artery origin (asterisk) and good visualization of the right internal thoracic artery graft (arrowheads). (B) Follow-up CT angiography at 3 months shows a good patency of the stent in the subclavian artery (arrow).](jcen-17-27-g003){#F3}
